Ten children at mean ages of o; 11.3 and o; 15.3 and their monolingual German-speaking mothers were audio-and videotaped in their homes while having a meal with a spoon (ordinary situation) and while feeding a doll with a spoon (play situation). Sentences spoken by the mothers that were comparable in length and sentence type across situations were analysed acoustically. In both data-collection sessions, it was found that the mothers spoke with the same mean amplitude in the two situations but they used higher mean fundamental frequency when speaking during the play situation than during the ordinary situation. In the first data-collection session, when the infants did not yet use meaningful words or engage in pretend play, the mothers also used a wider pitch range in the play situation than in the ordinary situation. It is concluded that mothers use both pitch height and pitch range to introduce the preverbal infant to the difference between non-play and play situations, and they continue to use variations in pitch height to mark the same distinction after the children have become active participants in pretend play activities. Implications of the results are discussed in terms of possible longitudinal patterns associated with mothers' use of intonational key and register.
INTRODUCTION
The language that is used with infants and young children differs in many ways from the language addressed to adults (e.g. Gallaway & Richards, 1994, for a review). Child-directed language (CDL) has been extensively compared with adult-directed language in regard to syntactic and semantic differences. In fact, it is widely claimed that CDL facilitates children's language development through a process in which caregivers adjust the syntactic and semantic complexity of their speech to the child's level (e.g. Shatz, 1982; Nelson, Bonvillian, Denninger, Kaplan & Baker, 1984; Snow, Perlmann & Nathan, 1987; Pine, 1992) .
Child-directed language has also been analysed in terms of pragmatic or social interactional functions (Snow & Goldfield, 1983; Snow, 1994) , with special attention to the prosodic forms that often express these functions. In the present study, it is argued that the prosody of mothers' speech, in addition to the syntactic or semantic aspects, can help the infant learn about different pragmatic and social situations. Specifically, it is claimed that pitchrelated contrasts in CDL introduce the child to the difference between 'ordinary' and 'play' situations.
Prosody consists of variations in the pitch, length and loudness of utterances. Their corresponding acoustic correlates respectively are the fundamental frequency (F 0 ), timing, and amplitude of the signal (Lehiste, 1970; Cruttenden, 1986) . A number of studies indicate that features of this kind in speech directed to infants can carry situation-specific information. For example, Papousek (1992) suggested that prosody can signal' rewarding', 'discouraging' and 'soothing' contexts, and that the pitch contour is an especially salient aspect of caregivers' speech that supports the child's conceptualization of these social meanings in the first months of life.
Other studies have confirmed the claim that pitch is the most important aspect of prosody that mothers use to mark different pragmatic and social situations. Fernald & Kuhl (1987) found that fundamental frequency, rather than timing or amplitude, was the aspect of CDL, or 'motherese', that fourmonth-olds responded to differentially. Similarly, in a review on infant pitch perception, Clarkson (1992) concluded that infants can identify the pitch of complex signals. Most importantly, she suggested that if the communicative message in CDL is conveyed partly by prosodic cues, pitch may be especially important for the young infant.
The purpose of the study is to examine the hypothesis that pitch variations in maternal speech provide context-specific cues that can help children understand the difference between ordinary and play situations. To do this we compared the pitch characteristics of maternal speech to young children in ordinary situations and in otherwise similar play settings.
As in other studies of CDL, it is of interest to ask whether the caregiver's speech changes as the child develops new linguistic, motoric, and cognitive skills. In particular, longitudinal data can be used as part of the evidence to evaluate alternative interpretations of the findings. For example, if a situation-dependent pitch difference is present in maternal speech before the 270 child actually demonstrates a given play action (e.g. feeding a doll), this would be consistent with the claim that the mothers are 'teaching' the children, that is, expressing a distinction verbally and nonverbally before the children are able to do so themselves. Conversely, if a pitch difference is present in the mothers' speech only after the children engage in pretend-play activities, this would imply that the mothers are merely responding to or confirming the differentiation of ordinary and play situations that the children have already grasped.
To capture the longitudinal stability or change that might occur in maternal prosody over time, the mother and child participants in this study were observed in two sessions. The first session took place when the children were 11 months of age and were on the threshold of being able to play pretend games (Nicolich, 1977; Bates, 1979; Fein & Apfel, 1979; Fenson & Ramsay, 1980) but were not yet doing so. The second session took place 4 months later, when the children were able to actively participate in pretend play.
In summary, it is hypothesized that the pitch of mothers' speech to infants is different in ordinary and play situations, and these pitch cues are present in caregivers' speech even before the child actively engages in play activities.
METHOD

Subjects
Five girls and five boys and their mothers participated in the study. The children and their mothers were observed when the children were at a mean age of o; ii .3 months (the range was 11-12 months) and at a mean age of 0515.3 months (the range was 15-16 months). The mothers were monolingual speakers of German and were the primary care givers. Maternal education ranged from primary school to completion of university degrees.
Procedure
The children and their mothers were video-and audiotaped in their homes while having a meal that could be eaten with a spoon. The child was seated in a highchair and the mother was seated to the side of the child. The microphone was situated at an equal distance from mother and child on the table beside them.
For the pretend play part of the activities, the mothers chose a doll or a toy animal to be fed (henceforth called a ' doll') and whatever food they thought would be appropriate for spoonfeeding. Each mother was asked to feed the child, to demonstrate feeding a doll and to encourage the child to feed him/herself and a doll. All 10 children used a spoon for self feeding at the first data-collection session. However, only one girl (12 months old) used a spoon to feed a doll in play at that time. At the second data-collection session, all 10 children could feed themselves with a spoon and could feed the doll also.
Data transcription
All utterances spoken by the mothers during the experimental sessions were transcribed orthographically. Each utterance was identified as spoken during the ordinary situation (i.e. when the child was eating), or during the play situation (when the doll was being fed). Approximately 10% of the sample was viewed by an independent judge. There was 100% agreement as to the type of situation corresponding to the utterance.
Sentences that were candidates for acoustic analysis were free from excessive background noise or overlapping speech. Given that different sentence types in their canonical forms are spoken with different pitch contours (Cruttenden, 1986; Bolinger, 1989) , sentences selected for analysis were equated across situations by sentence type. However, sentence type was not analysed further. Sentences pertaining to the following categories were identified by the first author: imperative ('Eat nicely with the spoon'), yes/no question ('Do you want something to drink?') or statement ('You spilled it'). An independent judge classified 45 % of the sentences into the three categories. There was disagreement with the original classification in only one case, which was resolved by reviewing the context in which the sentence was uttered.
The lengths of the sentences to be analysed were also measured. Paired ttests were used to verify that the sentences of the same sentence type across speaking situations were also of equal length. For sentences directed at the children during the ordinary interaction when the children were 11 months old, the mean length of the utterances was i -223 s with a minimum of 0-739 s and a maximum of 2-718 s and when the children were 15 months old, the mean length of the utterances was 1-205 s with a minimum of 0-452 s and a maximum of 2-175 s. For the sentences directed at the children during the play interaction when the children were 11 months old the mean length of the utterances was 1-205 s with a minimum of 0-723 s and a maximum of 2-053 s and when the children were 15 months old, the mean length of the utterances was 1-268 s with a minimum of 0-723 s and a maximum of 2-023 s. The paired Z-tests indicated that there was no evidence that the sentences spoken by the mother in the two situations were different in length (for sentences directed to i i-month-olds t = -0-148, df = 37, p = 0-883 an d f°r sentences directed to i5-month-olds, t = -0-932, df = 38, p = 0-357).
Acoustic measurements
All sentences selected for analysis were digitized using a Kay Computerized Speechlab Model 4300. For each sentence, the following measures were obtained: minimum, maximum and mean F 0 values, and overall amplitude.
Pitch measures. The pitch extraction algorithm reported fundamental frequency (F 0 ) values for each 20 ms of voiced speech. The minimum, maximum, and mean values were averaged for each mother-situation-age group. 'Pitch height' (or pitch level) was defined as the mean F 0 that the mothers used in a given situation-age setting, and the 'pitch range' was defined as the difference between the average minimum and maximum F 0 values.
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Amplitude measures. The amplitude was measured by a pitch-synchronous energy calculation. It was based on an average measure of the energy present in the number of sample points in the sentence, expressed in decibels of sound pressure.
The pitch height, pitch range and average amplitude in the two speaking situations were each evaluated by a i-test at the two data-collection sessions. Tables i and 2 show the number of sentences spoken by each mother and the mean, minimum and maximum fundamental frequency (F 0 ) that they used in both situations.
RESULTS
[i] Pitch height and pitch range are perceptual terms, implying a logarithmic measure. We analysed the data by using both the term fundamental frequency and octave scales. Since the statistical results were the same, pitch in this study was judged to correspond quite closely to fundamental frequency. For this reason, the data presented here reflect F 0 , measured in Hertz.
These data indicate that mothers used a higher mean F 0 and a wider pitch range when speaking to their n-month-old children in the play situation than the ordinary situation, but the mean amplitude of their speech did not differ in the two situations. The mean fundamental frequency of mothers' speech in ordinary and play situations when the children were 15 months old is illustrated in Figure 2 .
A paired i-test of mothers' mean F 0 in the two situations in this second session was highly significant (t = -9-79, df = g, p = < o-ooi). The paired ttest of the pitch range (maximum-minimum, see Table 2 ) in ordinary versus play situations at this session was not significant (t = 1-007, 4f = 9> p = 0-340). A paired t-test of the mean amplitude of maternal speech in the two situations was not significant (t = 0-726, df = 9, p = 0-486) see Table 4 .
DISCUSSION
The results of this study indicate that when mothers talked to their nmonth-old infants, they spoke at a higher mean pitch level and wider pitch range in play situations than in ordinary situations. Four months later, when the children were 15 months old, the mothers continued to communicate at a higher pitch level in the play situation than in the ordinary situation, but their pitch range did not differ. Moreover, at both age levels, the mothers' mean speech amplitude did not differ in the two speaking contexts. Thus, a change in pitch height was the feature that mothers used most consistently to prosodically mark the difference between play and reality.
The consistency of this finding from the first to the second session argues against the interpretation that the mothers were merely responding to or reinforcing the children's emerging play skills, because the children demonstrated the new play behaviours only in the second session. The findings are 276 at least consistent with the hypothesis that the mothers used pitch cues in both sessions to support the children's understanding of the cognitive and social distinction between reality and play.
There were differences, however, in the mothers' use of pitch cues from the first to the second session. In the first session, the mothers varied both pitch height and pitch range in different situations. In the second session, when the children were developmentally more advanced, the mothers varied only pitch height. Because pitch height and pitch range are related to the important intonational measures of 'key' and 'register', the present findings suggest that mothers may adjust the key and register of their speech as their children develop new linguistic and cognitive skills. Cruttenden (1986) defined key as the width of the pitch range in linguistic units that he called intonation groups and that are roughly equivalent to sentences in this study. Since speakers normally use the bottom one-third of their possible pitch range, key is usually heightened by raising the high tones rather than by lowering the low tones still further.
Register, on the other hand, reflects a shift of the entire pitch range, so that both high and low tones are adjusted. Accordingly, as Cruttenden pointed out, changes in either key or register will result in a change in mean F 0 . We propose, then, that the presence or absence of a change in pitch range can be used to distinguish between adjustments of key versus register. That is, a difference in key between speaking situations would be associated with a difference in two measures of intonation (pitch height and pitch range), whereas a difference in register would be associated with a difference in only one measure (pitch height).
If we adopt the definitions described in the preceding paragraph, the results of the present study can be described in a very economical waymothers varied the key of their utterances to distinguish play from ordinary situations when their children were n months old, but varied only the register of their speech when the children were 4 months older.
In summary, the present results support the claim that prosody of parental speech, especially pitch (Clarkson, 1992) , can cue the infant to the cognitive and social distinctions between different situations. The present results indicate that mothers use pitch cues to distinguish play from reality even before the infants are able to actively participate in pretend play, suggesting that their pitch cues are not merely in response to the children's expression of play behaviours but may anticipate and support the child's understanding of the concept of imaginative play. Finally, the study suggests that differences in the key versus the register of CDL may have developmental implications. That is, intonational key may be used in the earliest developmental stages to alert the infant to an activity or situation that is 'different' or 'out of the ordinary'. For the same purpose at a later stage, mothers may use an intonational contrast involving only a change in register, when the children 277 themselves are able to express in gestures and words their understanding of pretend play.
